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ABSTRACT 

The most favored interpretation for the detection of X-ray emission from late B- 
type stars is that these stars have a yet undiscovered late-type companion (or an 
unbound nearby late-type star) that produces the X-rays. Several faint IR objects 
at (sub)-arcsecond separation from B-type stars have been uncovered in our earlier 
adaptive optics imaging observations, and some of them have been followed up with 
the high spatial resolution of the Chandra X-ray observatory, pinpointing the X-ray 
emitter. However, firm conclusions on their nature requires a search for spectroscopic 
signatures of youth. Here we report on our recent ISAAC observations carried out 
in low resolution spectroscopic mode. Equivalent widths have been used to obtain 
information on spectral types of the companions. All eight X-ray emitting systems 
with late B-type primaries studied contain dwarf like companions with spectral types 
later than A7. The only system in the sample where the companion turns out to be 
of early spectral type is not an X-ray source. These results are consistent with the 
assumption that the observed X-ray emission from late B-type stars is produced by 
an active pre- main sequence companion star. 
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INTRODUCTION 

X-ray observations performed with the Einstein Observatory 
and ROSAT missions have revealed that X-rays are emit- 
ted by stars throughout the Hertzsprung-Russell diagram. 
For stars on the main- sequence (MS) two mechanisms are 
known to be responsible for the observed emission: In O- 
and early B-type stars, the X-rays are produced by instabil- 
i ties arising in their str o ng radiatively driven stellar winds 
(jOwocki Cohenlll999l : ILucv Whitd llOSOl ). and in late- 
type stars a solar-like magnetic dynamo is thought to b e 
responsible for the observed X-ray activity (|Parkerl [19551 ). 
No X-ray emission is expected from stars whose spectral 
types are late B and early A. Nevertheless, X-ray detec- 
tions of these stars have been r eported in several works (e.g., 
IPanieL Linskv, Gagnj|2002l . and references therein). 

In absence of another explanation, the X-ray emission 
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of MS late B-type and early A-type stars is commonly at- 
tributed to unresolved late-type companions. During the last 
years, in order to obtain clarification of this issue, we pur- 
sued a multi-fold strategy: (i) an Adaptive Optics search for 
previously unresolved late-type companions to B- and A- 
type stars which are known to be X-ray emitters, (ii) high 
spatial resolution follow-up X-ray observations of those with 
new companions to identify the X-ray source within these 
systems, and (iii) low-resolution spectroscopy of the X-ray 
emitting objects identified with Adaptive Optics to establish 
their nature. 

In 1999 we have been engaged in a multiplicity sur- 
vey of ROSAT selected bright late B-type dwarfs using 
the European Southern Observatory's ADONIS (Adap- 
tive Optics Near Infrared System) instrument, search- 
ing for close companions in the diffraction-limited IR 
images (|Hubrig et al.1 l200lh . For the systems studied, 
the X-ray flux levels observed in the ROSAT All- 
Sky Survey (RASS) are logLx[erg /s] - 29.5 - 30.5 
teer ghofer, Schmitt, Cassinelh [l99y), far too high to be 
explained by emission from cooler MS companion stars 
in the system. Nearby late- type field stars display much 
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lower activity levels, wit h typically logLx [erg/s] ~ 26 — 28 
(|Schmitt k, Liefk j |2004| V The observed X-ray luminosities 
are similar to those of TTauri stars, that s how typically 
logLx [erg/s] - 28-31 (jPreibisch et al.ll2005l l. Therefore, a 
reasonable interpretation within the companion scenario is 
that the X-ray emission is produced by active pre-main se- 
quence (PMS) companion stars. Since the late B-type stars 
that we have studied are r ather you ng with ages less than a 
few hundred million years (iHubrig et al. 2001), the detected 
new low-mass companion candidates are, indeed, expected 
to be PMS stars or very young MS stars. 

In the sample of 49 late B-type stars observed with 
ADONIS, we found 29 faint objects near 25 stars. For 21 
of these 29 IR objects our ADONIS images represent a first 
detection. If all these objects are true physical companions, 
the resulting binary frequency in this spectral type domain 
is 51%. However, our sample was biased towards low- mass 
companions that exhibit strong X-ray emission. For the dis- 
covered IR objects the following information has been col- 
lected in the previous studies: For 11 of the faint IR ob- 
jects both J and K magnitudes were obtained with ADO- 
NIS. The near-IR photometry of these objects was compared 
to the e volutionary m o dels f or low-mass PMS stars calcu- 
lated bylBaraffe et all (|l998l ). For seven of them. Fig. 2 of 
iHubrig et al ] (|200lh shows that their position is compati- 
ble with them being low-mass PMS stars. In the remain- 
ing four systems for which we obtained both J and K mea- 
surements with ADONIS the discovered IR objects have al- 
ready evolved to the MS, and could not be fitted with PMS 
evolutionary tracks. For the companion candidates in the 
other 14 ADONIS systems to date only K-band measure- 
ments are available. Knowing the age of the late B-type pri- 
maries from their position in the H-R diagram and assum- 
ing that systems are coeval, we placed the companions with 
known Mk values along the isochrones of the B primaries 
to esti mate their masses, luminosities and effective temper- 
atures (|Hubrig et al.|[200l V From these considerations we 
expect that out of these 14 systems 9 contain PMS compan- 
ions. Thus, our photometric study suggested that out of the 
observed IR objects, 16 are PMS stars. Their masses esti- 
mated from the PMS tracks range from about 1.2 M© down 
to 0.6 M©. 

In the framework of our accompanying Chandra pro- 
gram we have obtained high spatial resolution {^1") X- 
ray observations of late B-type stars with companion can- 
didates from near-IR photometry. Contrary to the earlier 
RASS data, in the Chandra images we were able to sep- 
arate the contributions of the B-type star and the known 
visual companions to the X-ray emission. The Chandra sam- 
ple was composed of 11 systems with late B-type primaries 
and 15 known visual companions, most of them identified in 
our ADONIS survey. We found X-ray emission from 12 of 
the new IR objects; in one case the companion is a binary 
that c an not be resolved with Chandra (jStelzer et al.ll2003l . 
l2006al ). The companion candidates detected with Chandra 
show X-ray luminosities in the range log Lx [erg/s] ^ 29—30, 
typical for TTauri stars fe.g.. IPreibisch et al.l 20051 ). These 
objects can, therefore, be considered as strong candidate 
PMS stars. 

However, companionship can not be established based 
on photometry and X-ray observations alone. To confirm or 
reject the candidates identified as described above, we car- 



ried out a spatially resolved K-band spectroscopic study of 
the companions with ISAAC at the VLT. Our objective was 
to find out whether the detected IR- and X-ray candidate 
PMS companions are physically associated objects or back- 
ground sources. In addition, for three studied systems we 
present our recent observations carried out with the Nas- 
myth Adaptive Optics System with Near-Infrared Imager 
and Spectrograph (NACO) at the VLT. 



2 SAMPLE 

Our sample of eight systems selected for ISAAC observa- 
tions is based on the photometric survey with ADONIS 
and contains companions which can be easily separated 
with ISAAC from their parent stars during good seeing 
conditions and have been visible during our visitor run on 
May 24, 2005. Four of these systems were in the Chandra 
sample, and all their con ipanions were detec ted at levels of 
logLx [erg/s] - 29 - 30 (IStelzer et al.ll2006al ). 

In addition, we observed HD 165493 and HD 104237-6. 
The s ystem HD 165493 was previously studied by LindroosI 
(| 19851 ) in the course of h is survey of visual double stars 
with early- type primaries. iBerghofer. Schmitt. &; Cassinellil 
(1996) failed to detect any X-ray emission from this sys- 
tem in the RASS (the companion at 4" was not re- 
solved). However, the upper limit for the X-ray flux of 
logLx [erg/s] < 31.4 is quite high and does not rule out 
the presence of X-ray emission at typical TTauri star lev- 
els. The T Tauri star HD 104237-6 is a low-mass compan- 
ion to the optically bright est Herbig Ae st ar HD 104237 
at a separation of 14''.^88 (Gradv et al.ll20o3 ). It was used 
in our observations as a compar is on st ar. A s was shown 
by Feigelson, Laws on. &: Garmird (|2003l l and iGradv et al.l 
(2004), HD 104237-6 exhibits Ha emission at a level typical 
of weak-line T Tauri stars. The X-ray properties of this star 
are also T Tauri like, with logLx [erg/s] =30.7 according to 
IStelzer et al] (|2006bh . 



3 OBSERVATIONS AND DATA REDUCTION 

The observations were carried out using the ISAAC infrared 
spectrograph on UTl at the VLT in low- resolution mode 
(R=1500) in clear weather conditions with seeing around 0.8 
to l.O" . The pixel size was 0.147^Ypixel with a slit size of 
0.3^^ The exposure time for each target has been adequately 
chosen to reach a good S/N (>100). The targets and telluric 
standards were observed with the traditional long-slit nod- 
ding pattern with a few arcsecond jitter to better sample 
the detector. A telluric standard star was observed either 
just before or after the target object. The acquisition im- 
ages for each target and slit position are presented in Fig. [T] 
A flat-field correction has been applied to all frames, using 
a fiat-field lamp for internal calibration. The background 
has been removed using pairs of frames, followed by dead 
pixel removal. The wavelength calibration model has been 
obtained using Xenon and Argon lamp arc observations. The 
extracted target spectra have been corrected for the telluric 
features using typically two standard stars of late B- and 
early A-dwarf spectral type. We also obtained spectra of a 
few early- G dwarfs. A set of these standard stars of solar 
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Table 1. Astrometry of late B-type stars with companions from ISAAC (cols. 2-5), ADONIS (cols. 6-8) and NACO (cols. 9/10). The 
errors for the projected separation measurements are ±0(^07 for ISAAC, ±0(^05 for ADONIS, and ±0^02 for NACO. The errors for the 
position angle are ±2° for ISAAC, ±0.2° for ADONIS, and ±0.1° for NACO. 



Object 


Separation 

n 


PA 


Modified 
Julian date 


S/N 


Separation 

n 


PA 


AK 


Separation 

n 


PA 






ISAAC 




ADONIS 




NACO 




HD 73340 


0.5 


214 


53516.022 


220 


0.604 


221.2 


2.52 


0.570 


220.0 


HD 73952 


1.0 


207 


53516.040 


180 


1.162 


205.3 


4.19 






HD 78556 


1.3 


299 


53516.060 


210 


1.300 


298.5 


3.31 






HD 110073 


1.1 


74 


53516.101 


260 


1.192 


75.0 


3.08 


1.202 


73.9 


HD 114911 


2.6 


124 


53516.147 


130 


2.706 


124.6 


0.319 






HD 133880 


1.2 


111 


53516.117 


150 


1.222 


109.2 


2.35 






HD 134837 


4.7 


155 


53516.162 


120 


4.696 


154.3 


^4.66 






HD 165493 


4.1 


258 


53516.179 


360 








4.043 


257.3 


HD 184707 


2.4 


175 


53516.194 


150 


2.435 


173.1 


^2.76 






HD 104237-6 






53516.134 


180 













spectral type has been used to trace possible features pro- 
duced by Br J absorptions visible in the hot standard stars 
and to correct for them. The final normalized spectra of the 
studied companions are presented in Fig. [2] We note that 
very faint emission features at 2.317 /xm in the spectra of 
HD 73340 and HD 110073 are reduction artifacts left after 
the correction for terrestrial absorption. 

The system HD 184707 is a possible triple system: we 
discover just at the detection limit a very faint additional 
companion on the acquisition image. It is located at 1.3^^ 
from the primary star at a position angle of 73° (see Fig.[T]). 
However, the presence of this companion has still to be con- 
firmed by deeper observations. 



4 RESULTS 

In Table [1] we present the astrometry of the X-ray se- 
lected late B-type stars with companions. The columns from 
left to right give the name of the object, the separation, 
position angle (PA), modified Julian date, and signal-to- 
noise ratio (S/N) of the final one-dimensional spectra for 
the new ISAAC measurements, the separation, position an- 
gle, and binary magnitude difference (AK ) from our 1999 
ADONIS observations (Hubrig et aDl200lh . and finally the 
separation and position angle from our recent NACO ob- 
servat ions at the VLT obtained in Feb ruary and March 
2005 ([Hubrig, Ageorges, ScholledlioOTi : Scholler et al. fin 
prep.)). The separation and position angles for ISAAC were 
measured on the acquisition images presented in Fig. [1] 
The accuracy of the projected separation measurements in 
ISAAC acquisition images is about ±0^.^07, and the accu- 
racy of the PA is typically about d=2°. The uncertainties 
of the projected separation measurements for ADONIS and 
NACO are about =b0V05 and ±0^02, respectively. For the 
position angles, the accuracies are ±0.2° for ADONIS and 
±0.1° for NACO. We have not attempted to make any as- 
trometric study, since the data for the different epochs were 
obtained with different instruments. However, the values for 
separation and position angles presented in Table [1] show a 
good consistency of the position of the companions relative 
to the primary stars from 1999 (ADONIS observations) to 
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Figure 1. Acquisition images and slit positions for the observed 
systems with companions. 



Table 2. The strongest features in the K-band spectra. 



Feature 


A [/im] 


Br7 


2.16 


Na I 


2.20, 2.21 


Ca I 


2.26 


Mgl 


2.28 


CO 


2.29, 2.32, 2.35 



2005 (ISAAC and NACO observations) and did not change 
much within six years. 



4.1 Spectral classification 

The wavelengths of the strongest features in our K- 
band spectra are listed in Table 2. As was shown by 
iLuhman Rieka |l998), the metallic absorption features 
can be used in the spectral classification for spectral types 
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4.2 Brief notes on individual targets 
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In the following paragraphs we compare our findings from 
our previous near-IR study with the results of the K-band 
spectroscopy. 

4.2.1 The comparison star HD 104237-6 

This star, which is a low-mass com panion to the opt ically 
brightest Herbig Ae star HD 104237 (jCradv et al.ll2004l ). has 
a spectral type K3 IV determined from optical spectroscopy 
with FEROS. We use this object as a comparison star. 
The equivalent widths of the absorption features in our K- 
band spectrum indicate a spectral classification K3-K4. The 
strength of CO relative to Na a nd Ca is dwarf- like in agree- 
ment with the determination of ICradv et al.l (|2004l ) . 

4.2.2 HD 73340 

The PMS companion with a mass of 1.2 M© was discov- 
ered with the European So uthern Observatory 's ADONIS 
instrument in March 1999 (|Hubrig et al. 1 l200lh and later 
confirmed by observations with NACO at the VLT in Febru- 
ary 2005 (Scholler et al. (in prep.)). The strongest spec- 
tral feature is the Br7 absorption line indicating a spec- 
tral type F5-F7 according to the n ear-I R stellar atlases of 
iLancon Rocca-Volmerangd (|l992l ) and lWallace Hinkld 
(|l997l l. The Na, Ca, Mg, and CO features are all weak, in 
agreement with a spectral type of a companion of a mass of 
1.2 M0. 



Figure 2. Normalized ISAAC spectra of the studied companions. 
All but the lowest are displaced upwards for display purposes. 



later than F8. The only strong feature expected in the K- 
band spectrum of the late B-type primaries is Br7. 

The equivalent widths (EW) of all features were mea- 
sured by defining a global continuum as the best-fit line 
to wavelength regions which are free of spectral lines. The 
absorption features presented in Table [2] are sensitive to 
temperature and their equivalent width s have been used 
for sp ectral classification as suggested bv iLuhman Riekd 
(|l998l ). 

For very close faint companions, some contamination 
of the spectra by the primary stars is expected, but this 
will not affect the Na, Ca, Mg, and CO features. In hotter 
and more massive companion candidates with spectral types 
from AO to F5 the strongest K-band feature is Br7. In these 
cases we u sed the atlases by iLancon Rocca-Volmerangd 
('1992') and'WaUace Hinkld (|l997f ) which present K-band 
spectra of stars of different spectral types (O to M) and 
luminosity types I to V. The equivalent widths of the K-band 
absorption features in the spectra of all companions and the 
comparison star HD 104237-6 are presented in Table O The 
corresponding spectral types are listed in the last column. 



4.2.3 HD 73952 

iHubrig et al.l (|200lh suggested that the mass of the compan- 
ion is about 0.6 Mq Using equivalent widths of Na, Ca, Mg, 
and CO spectral features we conclude that the companion is 
a dwarf with a spectral type K6-M0. The Br7 Une appears 
much too strong for the determined spectral type. However, 
because of the faintness of the companion (AK = 4.19; cf. 
Table [1]) and its closeness to the primary (see Fig. [1]), the 
primary clearly contributes to the K-band spectrum, giving 
rise to the composite spectrum we observe. 

4.2.4 HD 78556 

This star was observed with ADONIS only in the K- 
band and the determination of the mass of the compan- 
ion was very uncertain. The Br7 strength and the weak- 
ness of other absorption features constrain the spectral type 
to about A7-A8 according to t he near-IR stellar atlases. 
iBerghofer. Schmitt, Cassinellil (^99^) measured an X-ray 
luminosity of logLx [erg/s] ~ 29.7. 

4.2.5 HD 110073 

According to our previous study, the companion is a PMS 
star with a mass of 1.13 Mq. The K-band spectrum appears 
similar to that of the companion to HD 73340 with very 
faint Na, Ca, Mg, and CO features and a rather strong Br7 
line. Their strengths match with the spectra presented in 
the stellar atlases of a spectral type of F4-F5. 
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Table 3. Equivalent widths of the K-band absorption features. 



Object 




Equivalent Width [A] 




Spectral Type 




Br7 


Nal 


Cal 


Mgl 


12CO(2,0) 




HD 73340 


4.5±0.2 


1.8±0.2 


0.7±0.1 


0.8±0.1 


O.liO.l 


F5-F7V 


HD 73952 


4.2±0.2 


3.8±0.2 


4.0±0.1 


1.3±0.1 


7.9±0.1 


K6-M0V 


HD 78556 


7.1±0.2 


0.3±0.1 


0.2±0.1 


0.2±0.1 


O.liO.l 


A7-A8V 


HD 110073 


5.4±0.2 


0.6±0.1 


0.5±0.1 


0.3±0.1 


O.liO.l 


F4-F5V 


HD 114911 


0.4±0.2 


4.9±0.2 


4.2±0.1 


0.9±0.1 


9.0±0.1 


K6-M0V 


HD 133880 


1.6±0.2 


2.8±0.2 


2.8±0.1 


1.2±0.1 


7.0±0.1 


K2-K3V 


HD 134837 


0.4±0.2 


5.0±0.2 


4.2±0.1 


0.5±0.2 


10.1±0.2 


K6-M0V 


HD 165493 


11.1±0.2 


O.OiO.l 


O.OiO.l 


O.OiO.l 


O.OiO.l 


A3-A5V 


HD 184707 


1.5±0.2 


3.0±0.2 


3.1±0.2 


1.3±0.1 


4.6±0.1 


K2-K4V 


HD 104237-6 


1.0±0.2 


3.1±0.2 


2.6±0.1 


1.2±0.1 


6.8±0.1 


K3-K4V 



4.2.6 HD 114911 

The mass of the PMS companion was estimated as 0.88 Mq. 
The Br7 absorption is very weak, and the strength of other 
features implies a spectral type between K6 and MO. 

4.2.7 HD 133880 

According to our previous study, the companion to 
HD 133880 is expected to be a PMS star with a mass of 
1.17 M0. The spectrum fits with a spectral type K2-K3. 

4.2.8 HD 134837 

Only K-band imaging was done for this system in our previ- 
ous work. The K-band spectrum of the companion resembles 
rather well the spectrum of the companion to HD 114911. 
From the strength of Na, Ca, Mg, and CO we derive a spec- 
tral type between K6 and MO. 

4.2.9 HD 165493 

Using K-band imaging carried out with NACO in March 
2005, we detected a companion at a separation of about 4" 
with a K-magnitude about 3 mag fainter than the primary 
star. The spectrum exhibits only strong Br7 absorption and 
no other features are detected. The strength of the Br7 line 
implies an early spectral type between A3 and A5. 

4.2.10 HD 184707 

Only K-band imaging was done for this system in our pre- 
vious work. The equivalent widths of absorption features in 
our K-band spectrum imply a spectral classification K2-K4. 



5 DISCUSSION 

The detection of X-ray emission from late B- and early A- 
type stars has been reported from virtually all X-ray satel- 
lites and has long remained a puzzle. MS stars of spectral 
type '-^B2 to A7 do not show high-speed stellar winds nor 
deep convection zones needed to support dynamo action; 
hence no X-ray emission is predicted for them. It has long 



been argued that late-type companion stars might be re- 
sponsible for the observed X-rays but this hypothesis could 
not be tested observationally with previous low-spatial res- 
olution instruments. In the past we have approached the 
problem with high-spatial resolution imaging in the near-IR 
with ADONIS and in X-rays with Chandra. The results from 
these studies suggest that many late B-type stars drawn 
from the RO SAT AW-Skj Survey (RASS) have faint IR ob- 
jects nearby and these companion candidates are responsible 
for at least a fraction of the X-ray emission. 

To examine the nature of these objects we performed 
follow-up spectroscopy. In the sample of nine candidate mul- 
tiple systems presented here we confirm the PMS nature 
of the companion candidate. In five systems (HD 73953, 
HD 114911, HD 133880, HD 134837, and HD 184707) the 
studied companions exhibit dwarf-like K-band spectra con- 
sistent with spectral types between K and M. The spectra 
of these low-mass companions resemble well the spectrum of 
the TTauri star HD 104237-6 of spectral type K3IV. All of 
them lack emission features at the positions of the Br7 line 
and of the CO band-heads, indicating that these companions 
could be classified as weak-line TTauri stars. The compan- 
ions of three systems (HD 73340, HD 78556, and HD 110073) 
are more massive and their K-band spectra are consistent 
with spectral types late A to mid F. Considering that the 
spectra of all the studied companions suggest spectral types 
later than A7 and all of them show dwarf-like values for 
the luminosity indicator, it is very unlikely that they are 
background sources. 

In the case of HD 165493, the companion in the system 
is relatively hot with a spectral type between A3 and A5. 
A detection of X-ray emission is not expected for stars of 
this spectral type because there is no known X-ray produc- 
tion m echanism. In fact, iBerghofer. Schmitt. Cassinellil 
(|l996l ) were not able to detect X-ray emission from this 
system. However, their upper limit for the X-ray flux of 
logLx [erg/s] < 31.4 is not conclusive, and a deeper X-ray 
image with Chandra resolving the binary would be useful. 

We note in this context, that two more systems with 
suspected PMS companions discovered previously with 
ADONIS, HD 75333 and HD 145483, have been subsequently 
observed in 2001 with the NIRSPEC instrument at medium 
resolution R=35 00 on the Keck II telescope together with 
the AO system (|Hubrig et aLlliooHl ). Similar to the results 
presented in this study, these observations have confirmed 
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the late-type spectral classification with spectral types be- 
tween K5 and MO. 

Based on the results presented in this study we conclude 
that it is reasonable to attribute the observed X-ray emission 
from late B-type stars to active late-type PMS stars. The 
physical association of the studied companions with the B- 
type star is also anticipated from the consistency of our pho- 
tometric observations with ADONI S with the predicti ons 
obtained from evolutionary models (jHubrig et al.ll200lh as 
well as spatially resolved X-ray images of a small sample 
carried out with Chandra (jStelzer et al.ll200l [2006al ). 

Binary star formation mechanisms represent an impor- 
tant, but still not completely understood part of star forma- 
tion. Considerable data hav e been accumulated for both MS 
and evolved late- type stars (|Duquennov &: Mavorlll99ll l , for 
PMS stars and for stars of intermediate mass and age i n open 
clust ers ([Puchene 1999; Duchene et al. 2004; Haisch ~e't al.l 
I2OO4I I . Generally, these surveys come to the conclusion that 
for the examined range of separations at young ages there 
are twice as many binaries as in the field. In contrast, the 
multiplicity properties of higher-mass stars remain poorly 
known and previous studies have provided inconclusive re- 
sults. The percentage of close (both visual and spectro- 
scopic) binaries among B-type stars was found to be higher 
than among solar type stars, and earlier spectral types seem 
to have a higher compani on star fract ion than later spec- 
tral types (e.g. review bv lZinnecker Bate 2002 V On the 
other hand, an adaptive optics survey in the ScoOB2 asso- 
ciation led to the discovery of several new binaries of late B 
and A spectral type, suggesting that the apparent decrease 
of the binary fraction towards later spectr al types may b e 
the result of observational biases ( Kouwenhoven et al.ll2005h . 
Searches for binaries among Herbig A e/Be stars have been 
carried out by means of IR imaging (iBouvier & Corporonl 
l200lh , optical spectroscopy ICo rporon Lagr ange 199^ 
and spectro-astrometry (Bain es et al.Il2006h . All these stud- 
ies suggested a high binary frequency (the largest value, 
68± 11 %, being achieved by the spectro-astrometric study), 
but were restricted to a limited sample. 

Our previous ADONIS observations yielded an observed 
binary frequency of 51 % for the RASS selected sample. In 
this paper we have shown that, when followed- up spectro- 
scopically, most of the photometric companion candidates 
are confirmed as late- type stars. The high binary frequency 
in our sample is certainly due to the fact that the stellar sam- 
ple contained only X-ray selected stars and, in addition, was 
biased towards low-mass companions which exhibit strong 
X-ray emission. One of the future important tasks would be 
to study a sample of late B-type stars not detected in the 
RASS. Recently, Ivanov et al. (2006) have started a search 
of companions to intermediate-mass stars in the field. The 
main goal of their study is to derive the binary frequency of 
a volume-limited sample of BA-stars in the solar neighbor- 
hood with distances smaller than 300 pc. Such observations 
are necessary to get further insight in the formation mecha- 
nisms of intermediate mass binaries. 
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